The Influence of Emetine on the Induction of Interferon by Poly-I:Poly-C in Swiss Mice
(Accepted 8 October I974) SUMMARY The effect of emetine on the in vivo production of interferon by Swiss mice stimulated with poly-I:poly-C, was studied. IOO #g of emetine per mouse yielded a 16-fold increase in interferon production. Maximal production of interferon was achieved 2 h after the simultaneous injection of emetine and poly-I:poly-C.
Emetine, an ipecac alkaloid, which blocks elongation of growing polypeptides (Grollman, I968) was stated to inhibit the in vitro production of interferon when added in high doses. At low doses however, interferon production was accentuated (Tan, Armstrong & Ho, I97I) . The authors suggested that this effect was caused by the inhibitory effect of emetine on a hypothetical labile regulatory protein, which is involved in shutting off interferon production.
The present study was carried out to investigate the in vivo effect of emetine. This antimetabolite which has been used in the treatment of amoebiasis in man for over fifty years, could be of considerable importance in the therapy of human virus diseases if it increases in vivo interferon titres. Interferon titrations were carried out using mouse L cells (Flow L929 lot no. 7673) grown in microtitre plates having 0"5 ml wells. After overnight treatment with dilutions of interferon in twofold steps, the cells were challenged with 1oo Cl'E-D5O of vesicular stomatitis virus (VSV). Forty-eight hours later the cells were fixed and stained. The titre was estimated as that dilution of interferon which inhibited approx. 5o ~ of the c.p.e, of VSV. The international mouse interferon standard preparation (N.I.H. Bethesda, code G-2oo-9o4-510 defined as having a titre of ~2ooo had a titre of 4Ioo in our hands.
Interferon was induced in randomly bred Swiss mice of 6 to 8 weeks old by intravenous injection of 25 #g poly-I :poly-C (Microbiological Associates) diluted in phosphate buffered saline (PBS), pH 7"4, unless otherwise stated. Blood was taken 2 h later under ether anaesthesia by either cardiac puncture or by bleeding from the retro-orbital sinus. The serum pooled from each group of mice was dialysed against o'9 ~ saline at pH z.o for 24 h, centrifuged at 38ooog for I h, again dialysed against PBS at pH 7"4 and finally sterilized by Millipore filtration and stored in Microdel bottles at -3o °C.
The first experiment was concerned with the influence of the dose of emetine on the interferon response induced by poly-I : poly-C. For this experiment groups of 25 mice were intravenously injected with 25 #g of poly-I: poly-C. Each group received a different amount of emetine (freshly prepared emetine-HC1, Sigma) intraperitoneally, simultaneously with poly-I: poly-C. Serum was taken 2 h after treatment and the interferon levels in this serum were tested. The results of the experiment are reproduced in Table I . It was found that the interferon response was dependent on the dose of emetine given. No increase was observed when more than Ioo #g (5 mg/kg wt.) was injected. Because of severe toxicity no doses higher than 200 #g were used.
Unlike in vitro experiments, no emetine concentration was observed at which interferon production was inhibited. Emetine itself had no interferon-inducing capacity. The inter- Each mouse received 25/*g of poly-I :poly-C in 0"25 ml PBS intravenously. Simultaneously emetine was injected intraperitoneally in different doses in 0-I ml saline. Each group consisted of 25 mice. Sera were collected 2 h after treatment. Each mouse received 25 #g of poly-I: poly-C in 0.25 ml PBS intravenously, and I oo #g of emetine in o' I ml saline intraperitoneally. Control mice received the same amount of poly-I:poly-C and o'I ml saline intraperitoneally. Each group consisted of 25 mice. Sera were collected at different intervals after treatment.
Short communications
feron-like character of the antiviral substance was based upon the following observations: (I) the antiviral activity was stable both after dialysis against pH z.o and after treatment with 5o/zg RNase A per ml at low ionic strength; (2) the antiviral activity was lost following treatment with trypsin.
The second experiment was concerned with the influence of emetine on the kinetics of the interferon response induced by poly-I: poly-C. Groups of 25 mice were injected with 25 #g of poly-I:poly-C and with Joo~g of emetine. Each group was bled at a different interval after injection. Their serum-interferon levels were tested. The results of these experiments are shown in Table 2 . No difference between emetine-treated groups and the non-treated groups was observed. Both reach their maximum interferon level after 2 h. Very Iow interferon levels were observed after I6 or more h.
The influence of the time of injection of emetine on the interferon response induced by poly-I:poly-C was studied. Again, groups of 25 mice were intravenously injected with 25 #g of poly-I: poly-C. Each group received 5o #g of emetine intraperitoneally at different intervals before poly-I :poly-C. Two hours after the injection of poly-I:poly-C the groups were bled and their serum-interferon levels were tested. The results of these experiments are shown in Table 3 . The largest enhancement of the interferon level is achieved when emetine and poly-I:poly-C are given simultaneously. If emetine is given 6 h or more before poly-I:poly-C no effect was observed. Each mouse received 25 #g of poly-I:poly-C in o'25 ml PBS intravenously. 5o #g of emetine was injected intraperitoneally at different intervals before the injection of poly-I: poly-C. Each group consisted of 25 mice. Sera were collected at 2 h after injection of poly-I: poly-C.
Previous authors have commented on the various effects emetine has on the in vitro synthesis of interferon. Tan et al. (I971) . found a sharp maximum in the dose-effect relationship of emetine, when tested in rabbit kidney cultures. In the present study, no decrease in effect was found when the dose of emetine was increased. It is not unlikely, however, that the time-effect relationship in living animals changes when supraoptimal doses of emetine are used.
Using cycloheximide and puromycin Vilcek (197o) has shown that metabolic inhibitors can accentuate interferon production by rabbit kidney cells stimulated with poly-I:poly-C. This may also happen in other tissues such as lung and kidney. Tan et al. (I970 demonstrated that the enhancing effect required concomitant protein synthesis. Maximal enhancement was found when two inhibitors were used sequentially to block the synthesis of a hypothetical regulatory protein (Ho, Tan & Armstrong, 1972) . The results presented here do not contradict this hypothesis.
R should be noted that the interferon activities presented in this paper reflect circulating interferon. When, however, West Nile virus was injected intracerebrally into young Swiss mice, a similar effect was noted. Intraperitoneal injection of 5o #g of emetine together with an intracerebral inoculation with West Nile virus led to an eightfold increase in the amount of interferon that could be isolated from brain 3 days after infection.
As emetine has been used in therapy in both man and animal, its properties are rather well known. Apart from a proven usefulness in the therapy of amoebiasis in man it has also been reported to be effective in treatment of granulomas (Grollman, I965) and various malignancies (Pannettiere & Coltman, 1970 . One report was published concerning successful treatment of a virus disease (herpes zoster) in man (Bolgert, I973) . Since it has been shown before that local herpes infections could be treated with interferon (Scherbakov, I973) it would be interesting to investigate the use of emetine, an enhancer of interferon activity, in the treatment of human virus disease.
